We present a new approach to the µ-Bµ problem of gauge mediated supersymmetry breaking. Rather than reducing the generically large contribution to Bµ we point out that acceptable electroweak symmetry breaking can be achieved with µ 2 ≪ Bµ if at the same time Bµ ≪ m
Introduction. Supersymmetry (SUSY) is a very attractive candidate for explaining the stability of the weak scale against radiative corrections. However, it suffers from nagging problems such as the SUSY flavor problem, the SUSY CP problem, and the µ problem. The SUSY flavor problem points toward gauge mediated SUSY breaking (GMSB) [1] . However, GMSB itself suffers from the variant of the µ problem called the µ-B µ problem [2] . The problem lies in the fact that generic GMSB models predict the relation B µ ≈ 16π 2 µ 2 ≫ µ 2 which prevents electroweak symmetry breaking (EWSB) if the soft masses in the Higgs sector are of the same order as µ. Typically, solving the µ-B µ problem is achieved by introducing some additional dynamics that ensures B µ < ∼ µ 2 (see e.g. [2, 3, 4] ). In this letter we propose a new approach to the µ-B µ problem. We point out that the GMSB relation B µ ≫ µ 2 does not pose any problem if we allow the other mass parameters in the Higgs sector to also display a hierarchy. In particular, we argue that the pattern
leads to viable EWSB. We show that this hierarchical pattern with the down-type Higgs soft mass dominating over B µ can be naturally obtained in GMSB models where the Higgs multiplets are directly coupled to the SUSY breaking sector. Finally, we argue that the pattern in Eq. (1) leads to interesting novel phenomenology. Many more details of this scenario will be discussed in [5] .
The µ-B µ problem. Let us begin by reviewing the µ-B µ problem of GMSB. The tree level equations for the Higgs vacuum expectation values are given by
Here we adopt the convention B µ > 0. The first of these equations represents a problematic aspect of the minimal supersymmetric standard model (MSSM) known as the µ problem: the SUSY preserving parameter µ is required to be related to the SUSY breaking masses and, in the absence of fine-tuning, both should be of the order of the weak scale. A solution to the problem can arise if µ is generated in conjunction with SUSY breaking. In the limit of µ = 0, the MSSM has an enhanced Peccei-Quinn (PQ) symmetry. If SUSY breaking leads to the breaking of this (accidental) symmetry, a µ parameter of the correct magnitude can be generated. While this idea can be elegantly realized in the context of gravity mediation [6] , it encounters a problem in the framework of GMSB [2] . In order to dynamically generate µ of order the SUSY breaking masses in GMSB, the PQ symmetry must be broken by coupling the Higgs fields directly to the SUSY breaking sector. Such couplings, however, typically generate both µ and B µ at one loop, leading to the relation B µ ≈ 16π 2 µ 2 ≫ µ 2 . This is said to be problematic for the following reason. If m Z the electroweak symmetry can be broken without any fine-tuning. Unfortunately, a careful analysis shows that the situation is not that simple, and we still likely need some amount of cancellations in the RHS of Eq. (2) in realistic parameter regions. The reason is that satisfying the LEP II bound on the Higgs boson mass requires a rather heavy stop, mt > ∼ 1 TeV, which then feeds in as a large one-loop contribution of order (500 GeV) 2 to m 2 Hu . One should be aware of the fact that if this "irreducible" fine-tuning is not eliminated there is no compelling motivation to consider the "fully natural" pattern of Eq. (4). Instead, one can consider more general scenarios for the Higgs mass parameters which still lead to realistic EWSB without improving but not worsening the fine-tuning. In fact, theories discussed below can also lead to such a generalization of Eq. (4).
The "irreducible" fine-tuning described above may be ameliorated if we go beyond the MSSM with simple GMSB soft terms. Improving the situation requires extra contributions to the Higgs quartic coupling and/or to the scalar trilinear couplings. Such contributions may appear due to direct couplings of the Higgs fields to the SUSY breaking sector, or with the aid of extra singlet fields. The possibility of raising m 2 H d with B µ ≈ µ 2 was considered in the context of NMSSM-type models in [4] .
Realization. Our approach to the µ-B µ problem requires some dynamics that naturally generates the pattern of Eq. (4) or its variants. Moreover, a natural theory should relate the scale Λ H to that for the gaugino, squark and slepton masses. In the following we explain how to achieve these by coupling the MSSM Higgs fields directly to the SUSY breaking sector.
First, recall general features for the soft gaugino masses M a and scalar masses m 2 I in the GMSB framework. Below we define our parameters at the scale M where SUSY breaking effects are mediated to the MSSM sector. In perturbative gauge mediation, M corresponds to the mass scale for the messenger fields. Unless there is a special structure in the SUSY breaking sector (e.g. an approximate R symmetry), the soft masses take the form:
Here, g a are the MSSM gauge couplings evaluated at M , and C a I are the quadratic Casimir coefficients. The quantity N measures the number of SUSY breaking sector fields charged under the MSSM gauge group, and Λ is the effective SUSY breaking scale. In perturbative gauge mediation, Λ is the SUSY breaking mass squared splitting divided by the SUSY mass for the messenger fields, F/M . Note that, in general, there can be O(1) coefficients in the RHSs of Eq. (6). For general expressions for M a and m 2 I in GMSB, see [8] . In order to generate µ and B µ , we consider the superpotential couplings of the Higgs fields
Here, λ u,d are the renormalized couplings at the scale M . By rescaling the operators O u,d we can always make the couplings λ u,d dimensionless, and we adopt this convention below. Note that our discussion here applies to a very large class of theories -the SUSY breaking sector can be strongly or weakly coupled, can contain single or multiple scales, and can lead to direct or indirect mediation of SUSY breaking. After including the interactions in Eq. (7), the mass parameters in the Higgs sector receive a direct contribution from the SUSY breaking sector. Assuming that the SUSY breaking sector does not have a special structure (such as an approximate PQ symmetry), the contribution is given by
where N H is the effective number of messenger fields coupled to H u,d in Eq. (7) . When the SUSY breaking sector is perturbative, Λ H is F/M of these fields, and the sign (6) and (9) . Since the superparticle masses should not be much larger than a TeV to address the gauge hierarchy problem, the scales Λ and Λ H are determined as
For
≫ µ 2 . This pattern has two problems. One is that Eq. (3) does not allow a solution with sufficiently large tan β, and the other is that the hierarchy between m
The simplest pattern of Eq. (4) corresponds to tak- , so that depending on the value of tan β, it may lead to a tachyonic sbottom or stau. These issues, however, are model dependent, and they can be addressed in explicit models with the outcome that λ d can in general take any value up to ≈ 4π/ √ N H [5] . Several mechanisms can produce the hierarchy of Eq. (11) . Since the hierarchy is not required to be larger than, say O(10), perhaps the simplest possibility is to assume that it arises as an accidental hierarchy of dimensionless numbers. Alternatively, a dynamical realization can be found by assuming that the SUSY breaking sector is strongly coupled and approximately conformal over a range of scales above M . In such a case, λ u,d are power-law sensitive to the anomalous dimensions of the operators O u,d , and a large hierarchy can naturally arise due to a small difference of these anomalous dimensions. This scenario has a dual realization in 5D AdS space. In that picture, the MSSM matter fields are localized on the UV brane, while the gauge and Higgs fields live in the 5D bulk and can directly couple to the SUSY breaking sector localized on the IR brane [9] . The hierarchy between λ u and λ d can then be explained by different localization of H u and H d in the 5th dimension.
Flavor and CP . Before moving to phenomenology, let us shortly comment on the SUSY flavor and CP problems. Since in our framework the SUSY breaking parameters are generated by gauge mediation and the direct Higgs couplings, they are automatically flavor universal at the scale M . The SUSY flavor problem is solved, provided that low energy radiative corrections do not induce large flavor violation. One might worry that such corrections are present in our case, since m 
. However, in the SUSY field basis where (y u,d ) ij are diagonal, the enhanced contribution to non-diagonal squark masses appears only in the mass-squared matrix of the left-handed up-type squarks. It then follows that only nontrivial mass insertion parameters generated are (δ u LL ) ij . Since the experimental constraints on these mass insertion parameters are rather weak, (δ u LL ) 12 < ∼ (10 −2 -10 −1 ), they do not lead to appreciable constraints on the theory.
We now consider the SUSY CP problem. Suppose that the operator O u (O d ) in Eq. (7) consists of a single term, so that there is only a single coupling λ u (λ d ). In this case, the phases of λ u,d can be completely absorbed into the phases of H u , H d , Q and L. Therefore, if the SUSY breaking sector preserves CP , all the parameters generated, M a , m 2 I , µ, B µ , A Hu,H d are real in the basis where λ u,d are real, solving the SUSY CP problem. Since it is fairly simple to construct SUSY breaking models that preserve CP , we find this solution very attractive. Note that in general CP invariance in the SUSY breaking sector is not enough to solve the SUSY CP problem; for example, the mechanism of [6] does not solve the problem even if the SUSY breaking sector preserves CP . Here the structure of the couplings in Eq. (7) automatically leads to a solution to the SUSY CP problem as long as the SUSY breaking sector does not violate CP .
Basic phenomenology. The most distinct phenomenological consequences of our framework follow from the fact that m , is much larger than the weak scale and is likely beyond the reach of the LHC. Thus, the Higgs sector phenomenology corresponds to a special case of the so-called "decoupling limit" of the MSSM [10] . For the scalar sector, we effectively see a one-Higgs dou-blet model at the weak scale. On the other hand, the Higgsinos are relatively light since their masses are set by µ. Small µ implies a fairly light chargino, and in the case µ < M 1 , the lightest neutralino is Higgsino-like.
The hierarchy m
has also an important impact, via RG evolution, on the sfermion mass spectrum. The large value of m 2 H d will have the unusual effect of turning on a sizable FI D-term for U (1) Y , which leads to new contributions in the low energy superparticle spectra
where Y I represents the hypercharge. In particular, the usual GMSB sum rules TrY 
. Once the detailed superparticle spectrum is known, the violation of this sum rule could point to large m
, which may provide another hint that our scenario is realized.
For the third generation, the largeness of m 2 H d and tan β may significantly affect the RG evolution. In particular, the left-handed squarkq 3 and the right-handed sbottomb receive the correction
and similarly for the left-handed sleptonl 3 and the righthanded stauτ with y b → y τ . In fact, for given values for the other parameters, this provides an upper bound on tan β from the experimental bounds on the masses of these particles, because y b,τ ≃ (m b,τ /v) tan β. Examples. In order to illustrate the features of low energy spectra, we have generated several example spectra using SuSpect [11] , and double-checked their consistency with SOFTSUSY [12] . When studying GMSB spectra one needs to take into account the fact that GMSB models are often more constrained experimentally than generic MSSM models, due to the characteristic 2γ + E T signature arising from the next-to-lightest SUSY particle (NLSP) decaying into the gravitino,χ 0 1 →G + γ. Tevatron searches for this final state set an upper bound on the total cross section involving superparticle production, which can imply bounds as strong as mχ0 1 ≥ 126 GeV for the neutralino and mχ+ 1 ≥ 231 GeV for the chargino for a particular GMSB point [13] . More generally, this can be turned into a bound on the µ-M 1 plane, as has been recently shown in [14] , which applies as long as the NLSP decays within the detector (which would generically be the case for low scale SUSY breaking as considered in this letter).
Four explicit example spectra are presented in Table I. The first example point (M1) is the most conservative: it uses minimal GMSB with very heavy stops (over 1.4 TeV), where the Higgs boson is sufficiently heavy without any extra source for the Higgs quartic coupling. In this case, there is still a significant ("irreducible") finetuning arising from the top-stop contribution to m 2 Hu . The second example (M2) has a somewhat lighter stop (of order 1 TeV), with the gaugino and sfermion masses still following the pattern of minimal GMSB. The fine-tuning due to the top-stop contribution is reduced, but one may need to have a small extra contribution to the Higgs quartic coupling. In the last two examples, we deviate from minimal GMSB, and "squash" the sfermion spectrum by assuming different F/M values for the triplet and doublet messengers, using the notation Λ 3 = (F/M ) 3 , Λ 2 = (F/M ) 2 , and Λ 1 = (2/5)Λ 2 3 + (3/5)Λ 2 2 . In this case the stop mass is lowered to around 400 GeV, and the fine-tuning associated with the ordinary little hierarchy problem is strongly softened (the fine-tuning in this point is of order ≈ 10%). However, since the top-stop contribution to the Higgs mass is now reduced, a sizable extra contribution to the Higgs quartic coupling must be present. In all four cases, m 2 Hu is positive at the weak scale (although one can find examples where it is negative), µ is small, and m A 0 (which is roughly equal to m H d ) is much larger than TeV. The presented examples should be considered as a proof of principle that our approach to the µ-B µ problem can be consistently realized.
Summary. We have shown that it is not necessary to reduce B µ in GMSB models. Successful EWSB can be obtained with the hierarchy of Eq. (1), which can naturally arise if the Higgs fields are directly coupled to the SUSY breaking sector. EWSB can be achieved without turning m 2 Hu negative. This solution elegantly addresses the µ-B µ problem of GMSB, without reintroducing the SUSY flavor problem. The SUSY CP problem can also be addressed. Specific phenomenological predictions include a decoupled second Higgs doublet, relatively light Higgsinos, large violation of the traditional mass sum rule, and large corrections to the sbottom and stau masses. The scenario studied in this letter can be applied to large classes of GMSB models, and is consistent with gauge coupling unification if the couplings λ u,d are not too large or are asymptotically free. We will further elaborate on various issues associated with the present scenario in the upcoming paper [5] .
